The primary objective of this research is to determine the impact of actuarial assumptions for work liability valuations in Venezuela. The time frame of interest to the study finds that Venezuela has and continues to experience an extremely volatile rate of inflation. In such an environment, it is imperative that the discount rate be set as a function of the inflation rate plus a premium. This study is focused on the challenges of adopting such a policy given the absence of a well-developed capital market.
Introduction
One of the major concerns when making actuarial assumptions is the choice of rates of inflation. These rates are generally provided through such factors as the macroeconomics of the country; the performance of sovereign bonds with high credit quality used to determine interest rates for discounting the obligations; and rates of wage increases as defined by corporate compensation policies with the framework of the economic environment under which companies operate.
In developed and mature countries these variables are relatively clearly defined through economic stability and low volatility, which allows for relatively accurate and steady forecasts, with low prediction errors. Obviously, current conditions in much of South America and especially in Venezuela are not conducive to precise forecasting. The purpose of this study analyzes the relationships between these variables to determine the equanimity of actuarial assumptions as required by the International Accounting Standards, specifically IAS 19. 1 Using practical examples to illustrate the modeling of liabilities under different scenarios, this research defines the respective impact of each of the assumptions used, based on the empirical relationship between inflation and interest rates.
The current economic environment in Venezuela is a dire one. Venezuela's consumer inflation, already the world's highest, is projected to more than double this year to a level above all estimates from economists surveyed by Bloomberg, according to the International Monetary Fund.
Graph 1 -Inflation in Venezuela 2006-2015
According to a note published by the IMF's Western Hemisphere Director, Alejandro Werner, Inflation will surge to 720 percent in 2016 from 275 percent last year. For comparison, that percentage is nearly quadruple the median 184 percent estimate from 12 economists surveyed by Bloomberg, and exceeding the highest forecast of 700 percent from Nomura Securities. Spiking prices and widespread shortages for even staples have driven discontent in Venezuela, and helped the opposition gain control of Congress for the first time in a decade as President Nicolas Maduro attempts to turn the tide of what he has deemed an -economic emergency.‖ (Bloomberg, 2016) 
Theoretical Considerations
Following the logic of the Capital Asset Pricing Model (CAPM) for pricing capital assets, we quickly identified the key variables impacting the discount rate. In some respects, we see the discount rate as a function of the capital markets, eventually constructing a portfolio consisting of stocks and bonds that define a specific performance measure that can be referenced when determining the discount rate. Defining the most important relationships between the inflation rate, the rate of wage increases, and the interest rate used to discount future obligations is important.
In the worlds of finance and actuarial science, the formula used to determine the current value and/or actuarial , 0 V of a defined benefit plan with a duration of n years.
The previous formula can easily be assimilated to a certain payment k Q if an employee leaves in each one of the k moments for a particular contingency and n V if it survives the previous and arrives at the time n .
In this formula we consider that all elements are stochastic:
I. The Cash Flows II. The Duration
III. The Types of Interest
If the cash flows are random, they could be replaced by their equivalent certain and the expression above would thus be:
However, all of the types of interest referred to above represent the most significant challenge to the evaluator as he or she resolves to determine the actuarial value of a plan. This is due to small variations that can cause large variations in the current value and/or actuarial assumptions. If the chosen rates are high, there will be an under-estimation. On the contrary, if the rates used are too low, an overvaluation will result. It is expected that analysts with aversion to risk will choose higher interest rates and those who are closer to being risk seekers will opt for smaller types of interest rates. Therefore, it is in this determination where the greatest amount of subjectivity likely resides within this form of evaluation.
The level of interest rates will depend to some degree on both the general economic conditions in that country and the specific situation estimated for the individual company. When a company's own individual prospects (unsystematic risk) are unfavorable, higher interest rates are used to capture the added risk. Updating interest rates using the sum of a base level (among the various options, the most appropriate is to consider the interest rate associated with long-term operations with no risk due to the We believe that another version with the same structure, but based on inflation as may be helpful in formulating a usable discount rate. The rate of inflation in Venezuela in recent years has been quite high, particularly in the year 2015. Inflation recognized by the Banco Central de Venezuela (BCV) was in the order of 189% on an annualized basis. So in theory, the first component alone would already an interest rate higher than the rate in nominal terms.
Being:

I: Inflation rate
: Additional Premium
Future forecasted refresh rate (interest rates) can be performed through an extrapolation of past values, though, using such methodologies as a regression analysis and/or models of stochastic time series. The traditional approach, as analyzed so far, considers the types of interest deterministically, i.e. deliberates on the only possible value for the same factor in each period. However, given that the future is not known, it will be more reasonable to create several possible scenarios, which will then be reduced to a single best fit with the help of statistical treatments (Cruz and Valls, 2002a). A more correct and rational approach is to use the mathematical expectation of the different values, since the mathematical expectation of the different values is the value for which the set of all possible deviations is minimal. Basically, it is a question of considering the updated rate of each year as a random variable.
From a mathematical point of view, a problem arose with a special emphasis on the difficulty of the algorithms leading to the determination of the average discount factor, known the distribution function of the random variable that describes the rate of interest applicable to a period. In the next section we im: Interest rate to discount derive from the data 2 historical monthly inflation measures as well as the performance of the National Public Debt Bonds utilizing the empirical probability distributions based on the sample evidence of the respective time series.
Descriptive Comparison of the Time Series (Inflation and Performance in Venezuela)
In Venezuela when comparing the changing levels of monthly inflation with the average monthly yields of sovereign bonds of the national public debt (Global Bonds) we find the following: Graph 2 2 Monthly data from 2007 until 2015 published by EMBI Venezuela and the Central Bank of Venezuela (BCV). In the probability graph it can be clearly seen that both performance and inflation are far from exhibiting normal behavior. Greater volatility can also be seen in the levels of monthly inflation, as viewed in terms of the coefficient of variation. The arithmetic and geometric averages, respectively of the coefficient of the yields of the series are: -2.70737 3.37423 for inflation and 12.8746 -11.68 for the yields.The foregoing supports the hypothesis that yields are higher on average than the levels of inflation. Based on this supposition it seems reasonable to use in principle a discount rate that could be constructed as the sum of the inflation and an additional measure.
Modeling of the Inflation Rate and Yields
Our analysis includes the evaluation of 15 different models of probability distributions. By comparing probability models our purpose is to identify those models that are best adapted to reflect true inflation rates and yields. Our results follow: Lower threshold= 0,734177
In accordance with the statistical log likelihood, the distribution of best fit is the distribution log logistics of 3 parameters, which is characterized by the three parameters of distributions that are displayed in the table above.
The probability density function of inflation is given by:
Graph 3 -Probability Density Function
The process similarly repeats after adjusting the data to a probability distribution of yields. In both cases we conclude that both distributions are not normal of the analysis the distributions of best fit are logistics tri-parametrics who have maximum likelihood and the lowest value using the KolmogorovSmirnorv test.
Adjustment of Autoregressive Integrated Moving Average (ARIMA) Model for Short-term and Medium-term Forecasting
The above statement obviously is based on the historical information regarding the monthly performance of inflation from 2007 to 2015. However, we do not have any guarantee that these trends remain in the future. This requires us to make projections of at least short and medium-term future scenarios in order to quantify in some way if this differential was maintained on average. Below are the most noteworthy results of the autoregressive models of comprehensive moving averages with annual seasonal adjustments ARIMA type.
Summary of ARIMA Model for the Rates of Return and Inflation
The modeled periods are months based on the history of both variables. On the basis of the forecasted averages of each, we can establish the differences between the two rates. It is logically intuitive to conclude that with a greater time projected, there is greater uncertainty and the differential tends to grow.
A Numerical Application to a Small Venezuelan Company
Given that the empirical evidence supports the thesis affirming the interest rate for discounting; it can be expressed as , at least in Venezuela.
Being: im: Interest rate to discount I: Inflation rate : Additional Premium
Using this information, we develop various scenarios with different assumptions and settings to see the impact of each one in terms of Projected Benefit Obligation (PBO) or actuarial liability to the valuation date. It is important to mention at this stage of the work that the new scenarios would maintain a 4 per cent spread when betting on an economic recovery of the country in the medium and long term.
A. General and Actuarial Assumptions
In this section we manage two types of actuarial assumptions -one based on nominal rates and the other based on real rates. In the case of the two scenarios with nominal rates, we observe two different versions: the first one uses fixed rates for both the discount rate as the wage increase and using the same average wage increases from the table of wages in STAGE I; the second version uses variable rates for the increase of wages. The other groups of scenarios are based on actual rates varying in both the discount rate and wage growth rate. 
B. Summary of the main results in terms of the actuarial liability
The following results were obtained using the above assumptions. Table 7 above infers that all scenarios could coexist depending on which assumptions are used. Obviously there are two quite distinct trends by the order of magnitude of the results:
i. The first trend is based on nominal rates (the first two scenarios) which tend to generate an actuarial liability by the same order of magnitude but obviously greater than that generated using real rates. ii. The second trend is based on the use of real rates which involves adjusting for inflation the nominal rates of wages and of the discount. This second approach leads to liabilities that are estimated on the low end of the order of magnitude (particularly since we tend to take on most of the actuarial valuations) given the levels of inflation observed in the country.This is supported by empirical evidence that yields exceed the rates of inflation, and it appears that the use of actual rates would support this practice.
If we assume that the wage growth rates can be expressed as a function of inflation, which is true for the vast majority of the wage policies of Venezuelan companies, then it is possible to express the interest rate as a function also of wages as follows:
Being: s: Rate of increase wage i: Interest rate I: inflation rate r: Interest real rate to discount Following Fisher, it is then possible to posit that given a wage policy that reflects the inflation-we shall call it , then, would make economic sense for all future years, due to the differential of the historical rates between inflation and yields. As you can see in the graph they are in the order of 8.57%, and when you adjust for future autoregressive models of the ARIMA type, conditioned by the historical data, the average rate differential is positive. It seems reasonable then to use a real rate of up to 4 percentage points on the wage increase rate for discounting the obligations. While it is noteworthy to observe that in the future the differential appears stable, it is also important to note that in a scenario of an improving national economy, it may be possible to maintain this trend with declining wage rates.
Assuming that the theoretical differential between the retroactivity and the guarantee to the valuation date is in the order of 18.67MMBs, in deterministic terms it seems reasonable to use real interest rates that cover the liabilities accurately that is 100% or more of projected liabilities for future differentials of the residue between the PBO differential and the differential of the current certain nonprojected liabilities.
Conclusion
In this study we attempt to determine the impact of actuarial assumptions for work liability valuations in Venezuela. The time frame of interest to the study makes it unique, in that the South American country of Venezuela has and continues to experience an extremely volatile rate of inflation. Our research focuses on the challenges of adopting such a policy given the absence of a well-developed capital market.
The difference when using real rates is that it recognizes the cost of inflation in the period in which it occurs increasing obviously the cost of interest of next year to recognize such as interest rate inflation + another measure, minimizing as much as possible the actuarial losses that usually occur in economies as volatile as the current Venezuelan economy.
In the appendices we provide in detail all germane calculations developed in the preparation of this work. It is important to mention that our methodology assumes future scenarios rates with annual declines are treated by maintaining a positive spread in all scenarios, and are obviously betting on a general improvement of the economy. Currently, we have selected the model of an autoregressive integrated moving average (ARIMA). This model assumes that the best prognosis available for future data is given by the parametric model that relates the most recent value with the prior values and previous noise. Each performance value % has been adjusted in the following way, before adjusting the model:
(1) We take simple differences of order 1.
The output summarizes the statistical significance of the terms in the model forecasts. Terms with Pvalues lower than 0.05 were statistically different from zero with a confidence level of 95.0%. The Pvalue for the term AR (1) is less than 0.05, so that is statistically different from 0. The P-value for the term SAR (2) is greater than or equal to 0.05, so that is not statistically significant. Therefore, should consider reducing the order of the term SAR to 1. The P-value for the term SMA (2) is less than 0.05, so that is statistically different from 0. The estimated standard deviation of the white noise of input is equal to 1,66712.
This table also summarizes the performance of the model currently selected in adjust historical data. Shown:
(1) the root mean square error (RMSE) (2) the mean absolute error (MAE) Each one of the statistics based on the forecast errors are one-forward, which are the differences between the data at time t and the forecasted value at time t-1. The first three statistics measure the magnitude of the errors. The smaller this value, the more robust the model. The last two statistics measure the bias.
Similarly, a better model would provide a value closest to 0. Currently, we have identified the model of an autoregressive integrated moving average (ARIMA). This model assumes that the best prognosis available for future data is given by the parametric model that relates the most recent value with the values and previous noise. Each value of monthly inflation % has been adjusted in the following way, before adjusting the model:
The output summarizes the statistical significance of the terms in the model forecasts. Terms with Pvalues lower than 0.05 were statistically different from zero with a confidence level of 95.0%. The Pvalue for the term AR(2) is less than 0.05, which is statistically different from 0. The P-value for the term MA(1) is less than 0.05, so that is statistically different from 0. The P-value for the term SAR(1) is less than 0.05, so that is statistically different from 0. The P-value for the term SMA(1) is less than 0.05, so that is statistically different from 0. The P-value for the term of the constant is greater than or equal to 0.05, so that is not statistically significant. You should consider eliminating the term the constant of the model. The estimated standard deviation of the white noise of input is equal to 0,802763.
(1) the root mean square error (RMSE) (2) the mean absolute error (MAE) 
